BACKGROUND-A central tenet of patient-centered health care advocated by the Institute of Medicine and the American Medical Association is to enhance informed decision-making in a way that incorporates patient values, knowledge and beliefs. Achievement of this goal is constrained by a lack of validated measures of patients' knowledge needs.
currently with LVADs than candidates, regardless of receiving standard education (with education: 69.9 vs 50.1, adjusted p = 0.02; without education: 69.9 vs 37.6, adjusted p < 0.001).
CONCLUSION-The LVAD knowledge scale may be useful in clinical settings to identify gaps in knowledge among patient candidates considering LVAD treatment, and to better tailor education and discussion with patients and their caregivers, and to enhance informed decision-making before treatment decisions are made.
Keywords
cardiology; cardiomyopathy; CV surgery; heart failure; transplantation; ventricular assistance Left ventricular assist devices (LVADs) have become an increasingly effective treatment for advanced heart failure (HF), with the number of potential LVAD candidates estimated at about 250,000 to 300,000 individuals per year in the United States alone. 1 Although LVAD treatment can be a promising option for improving longevity and quality of life, many LVAD candidates have made decisions about their LVAD treatment quickly and reflexively, often before education is complete. 2, 3 Some even make decisions to decline LVAD treatment before receiving full education about potential lifestyle changes and complications. 4 According to international mechanical circulatory support guidelines, 5 patients should also be trained in proper self-care as part of their education. Nevertheless, a large percentage of patients receiving treatment for HF have no documentation of having received adequate education about factors affecting outcomes and risk for rehospitalization, 6 showing a lack of emphasis on patient education. Perhaps of greater concern, patients report a lack of clarity about how LVADs impact (or do not impact) the likelihood of receiving a heart transplant, suggesting a lack of understanding or appreciation of key aspects related to LVAD decisionmaking. 2 Although most LVAD programs have patient education programs in place during the time of consent, no standardized tools yet exist for ensuring informed decision-making among candidates for LVAD treatment. 7 One noteworthy LVAD knowledge measure has been developed by Edlund et al 8 to explore patients' understanding of LVAD therapy.
However, their open-ended question format makes it difficult to unambiguously gauge the degree of knowledge comprehension necessary to make an informed decision about LVAD surgery.
Rizzieri et al 7 called for more consistent discussions and assessments among LVAD candidates to ensure understanding of treatment options for advanced HF, including anticipated device-related complications and long-term health risks (e.g., bleeding, stroke, infection); lifestyle changes among patients and caregivers (drive-line maintenance behaviors, leisure and travel limitations, etc.); potential financial burdens; and alternative options, such as medical management, and comfort-directed therapies, such as palliative care. Greater knowledge about treatment options has been shown to reduce anxiety and improve decision-making. 9 However, so far, no robust measures have been developed to facilitate discussion and measure LVAD candidate understanding, a key component of the informed consent process. We used a patient-centered approach with current LVAD patients and candidates for LVAD treatment to develop and refine a measure of patient knowledge about LVAD therapy. Patients may use this tool to gauge their understanding of treatment options, and health-care providers (e.g., cardiologists, cardiothoracic surgeons and clinic coordinators) may use this scale as a tool to help identify strengths and gaps in knowledge during the course of patient decision-making (pre-implant) about LVAD and alternative therapies. The scale can also help providers to tailor education and discussion with patients and their caregivers, and well to enhance informed consent before decisions for treatment are made.
Methods

Framework
Our methodology for scale development and validation is based on best practices outlined by Brod et al 10 for inductive development of scale items using qualitative methods that involves interview research, developing the interview discussion guide, reaching saturation, analysis of data, developing a theoretical model and generating question items. Based on these guidelines, we used the Ottawa Decision Support Framework (ODSF) as a guiding theoretical model, an evidence-based, mid-range theory for guiding patients to make health decisions, incorporating insights on decision-making from general psychology, 11 social psychology, 12 decision analysis, 13 decisional conflict, 14 social support 15, 16 and economic concepts of expectations and values. 17 The framework emphasizes the centrality of assessing client and practitioner determinants of decisions to identify decision support needs, while providing decision support tailored to client needs. This model was used because of the importance of identifying decision support needs as a basis for constructing a knowledge measure. Our methodological approach combined inductive qualitative methods (openended interviews, free-listing and ranking exercises, described in what follows) with deductive quantitative validation of scale items through cognitive testing and psychometric analysis to assess content and face validity.
Sample and setting
Each phase of this research was conducted with a purposive sample of participants at a partnering site chosen to provide a wide range of variation and to reflect demographics of the larger LVAD population according to the latest data from the Interagency Registry for Mechanical Circulatory Support (INTERMACS). 18 For all phases of this research, patient eligibility criteria included LVAD patients and candidates with advanced heart failure (New York Heart Association [NYHA] Class III and IV), age range of 30 to 80 years (this range was selected to enhance our ability to capture a wide range of patient perspectives), and intact decision-making capacity, with an acceptable surgical risk-benefit ratio for LVAD implantation. Patients were also screened by a transplant social worker for good psychosocial support, coping mechanisms and sufficient financial resources. Patients were also administered the Montreal Cognitive Assessment (MOCA) 19 test as a screening measure to detect cognitive impairments, including "vascular dementia," or an overall lack in decision-making capacity that may interfere with individuals' ability to participate in the study. This scale has been validated for use among 30-to 80-year-olds, and has excellent reliability. For each of the phases, we took a separate sub-sample from the overall participant population described earlier.
In-depth interviews and ranking exercises to generate items
In-depth interviews were conducted with: LVAD patients; eligible candidates for LVAD treatment; caregivers; decliners of LVAD treatment; and leading LVAD clinical providers from 2 different hospitals, including cardiologists, cardiothoracic surgeons, LVAD (nurse and physician assistant) clinical coordinators, hospital financial advisors, lead clinical social workers and clinical bioethicists. Consistent with the definition provided by the Centers for Medicare and Medicaid Services, caregivers are defined as family members, friends or neighbors who provide unpaid assistance to a person with a chronic illness or disabling condition. We add that these caregivers are identified by the patient as a primary resource for daily, post-implant assistance with lifestyle changes and device management. Structured guides for in-depth interviews were developed from the authors' prior knowledge of domains and areas of interest, literature review of decisional needs for LVAD patients, and expert opinion. 3, 20, 21 These interview guides were devised separately for each participant group and are available elsewhere. 2 The purpose of these interviews was to identify knowledge needs from both patient and provider perspectives that could inform question items of the knowledge scale. All interviewed patients were to have already received education about the LVAD from clinic coordinators and be in the process of making a decision about implantation. The intention of selecting already-educated patients among this group was to identify remaining gaps in patient-preferred knowledge after having received standard education. The purpose of interviewing clinicians was to identify clinical perspectives on knowledge needs considered essential for providing informed consent for LVAD treatment.
Qualitative analysis of knowledge needs
Patients' knowledge needs were identified from the interviews. All interviews were audiorecorded and transcribed verbatim with identifiers removed. They were analyzed using ATLAS.ti (http://www.atlasti.com/index.html), 22 a well-known computer-assisted qualitative analysis software program, to identify themes and common knowledge needs, separately for patients and providers. Common knowledge needs were organized by emergent domains (e.g., Lifestyle, Complications, Medication, etc.) and frequency counts of patient knowledge needs allowed us to identify top needs among patients within each domain and overall. These top knowledge needs were then confirmed in a ranking exercise with 3 patient consultants working closely with the research team.
Free-listing to further generate knowledge need items
Top knowledge needs among providers were similarly identified by asking providers to freelist knowledge needs they consider essential for patient provision of informed consent for LVAD treatment. They provided at least 5 items in each of 7 domains generated by one of our expert cardiothoracic surgeons and endorsed by other members of our expert panel. These domains included: (1) device-specific knowledge and competencies; (2) what patients need to know about communicating with coordinators and hospital staff; (3) what patients need to know about medical management; (4) what patients need to know about program protocols and surveillance specifics (e.g., How often do patients need to come back to the clinic?); (5) what patients need to know about outcomes, prognosis and expected quality of life, specifically regarding adverse events (peri-operative and long-term); (6) what patients need to know about outcomes and likelihoods dealing with efficacy and survival (e.g., costbenefit ratios, short vs long-term survival statistics, etc.); and (7) what patients need to know about misconceptions and mispredictions about LVAD therapy.
Together, high-frequency knowledge needs for patients (identified via interviews) and providers (identified via interviews and confirmed in free-listing exercise) were combined into a finalized list, examined for overlap (refer to Table 2 ) and translated into question items for the LVAD knowledge scale. Answer sets were generated via consultations with expert cardiologists and other members of the LVAD clinic team, reflecting common misconceptions or understandings, and included "I don't know" as an answer choice to discourage guessing.
Validity testing
Cognitive testing of items-Cognitive testing of these 20 items was conducted among 2 patients and 3 candidates and involved face-to-face "think-aloud" exercises to gauge participants' perceptions of readability and comprehensibility, to confirm that instructions, question items and response sets are clear, understandable and relevant, and that the format is acceptable. These aspects contribute to the measure's content validity. This method has been shown to effectively reveal respondents' thought processes and improve questionnaire interpretability. 23 We also recorded patients' suggestions for alternative phrasing for greater comprehensibility. All results were used to refine questions to meet users' level of comprehension.
Cognitive testing results were used to modify the items iteratively. After the first 3 cognitive interviews, answers on each subsequent interview were compared with earlier interviews to examine consensus and plan for potential interviews beyond the initial 5, with lower consensus (i.e., greater variability) in responses signaling a need to collect additional perspectives. Based on results from cognitive testing, question items were finalized and reviewed by clinical experts to ensure further content validity.
Group differences in LVAD knowledge
Construct validity was tested by looking for evidence of significant differences in performance on the questionnaire among 3 different participant groups, including existing LVAD patients, eligible candidates for LVAD treatment who have received standard education from LVAD clinic coordinators, and eligible candidates who have not yet received standard education. Standard education in this hospital setting takes ~45 minutes and covers basic information about LVAD therapy through educational videos and an informational packet from the device manufacturer (Thoratec), as well as a packet prepared by the site hospital. Together, these materials include information about the average likelihood of survival with and without LVAD treatment; what to expect post-implant in terms of lifestyle changes, improvements and potential complications; and the importance of caregiver support. There is no separate session for caregivers, who are encouraged to attend the session with the patient. The different participant types were included with the intention of observing a range of knowledge scores, with the assumption that patients who have personal experience living with the LVAD will exhibit greater knowledge than either LVAD candidates who have received standard education or LVAD candidates who have not yet received education. Preliminary data suggest that the standard deviation of scores would be about 15 points. A sample size of 10 subjects per group was selected to provide 80% power to detect a 20-point difference between pairwise groups using an independent, 2-sample ttest, assuming a common standard deviation of 15 points and α = 0.05. This is equivalent to a standard effect size of 1.33, which is generally considered to be a large effect size that likely yields important differences between groups. 24, 25 Patient participants were recruited from the DeBakey Heart and Vascular Center at Methodist Hospital in Houston, Texas. A roster was compiled once every week from December 2014 to April 2015 by the LVAD clinical coordinator, listing patients who were eligible for participation in the study. Participants were approached before or during their appointments at the LVAD clinic or as hospital inpatients, without interfering with clinic flow, and written consent was obtained. Patients were given a pencil-and-paper version of the test to fill out in the waiting area or, if they preferred, in a private, adjacent room.
Supplementary questions
Convergent validity was assessed by examining knowledge scale scores with a set of 6 supplementary questions assessing patient perceptions about: (1) whether the LVAD team prepared the patient enough to comfortably manage life with an LVAD; (2) comfort level in interacting with their doctors; (3) comfort level in interacting with other members of the LVAD clinic team; (4) whether they received conflicting messages during the process of education; (5) whether they had met with any other LVAD patients; and (6) the need for caregiver involvement. Validity would be demonstrated by correlation of knowledge scores with more positive educational experiences, with the assumption that patients with greater knowledge would have experienced more extensive and positive educational experiences (i.e., greater comfort with LVAD clinic team interactions, fewer conflicting messages, greater comfort in managing life with an LVAD). Responses to supplementary questions were compared among patient types using the Kruskal-Wallis test or Fisher's exact test (Question 5). Overall, comparisons were adjusted for multiple hypothesis testing using Holm's step-down Bonferroni correction. If the overall test was significant at the adjusted 0.05 level, then all pairwise comparisons were assessed using similar adjustments. Correlations between knowledge scores and each supplemental question were estimated using Spearman's rank.
Scoring and distribution-The overall score was computed as the summation of possible (100) points awarded, with higher scores indicating increased knowledge. Summary statistics were computed for the overall sample and stratified by participant type (patient, candidates with standard education, candidates without standard education). A general linear model was used to compare knowledge scores between participant types. All pairwise differences were estimated and p-values were adjusted using Tukey's method. The proportion of correct responses for each question was compared between participant types using Fisher's exact test. Given that validity testing was conducted in LVAD patients and in candidates both with and without education, those with LVADs were anticipated to have the highest scores due to first-hand experience and learning.
Consistency reliability-Cronbach's α coefficient was used as a measure of internal consistency reliability. Item-specific correlations with overall scores were computed and the effect of item deletion on α coefficients was estimated.
Results
In-depth interviews and ranking exercise to generate items
A total of 71 in-depth interviews (~45 minutes each) were conducted with patients, including existing LVAD patients (n = 15), eligible candidates for LVAD treatment (n = 15), caregivers (n = 15) and decliners of LVAD treatment (n = 15) ( Table 1 ). Interviews were also conducted with leading health-care providers (total n = 11), including cardiologists (n = 3), cardiothoracic surgeons (n = 2), lead program coordinators (n = 2), hospital financial advisors (n = 1), lead clinical social workers (n = 2) and a clinical bioethicist (n = 1), from 2 different hospitals. A free-listing exercise was also conducted with a subset (n = 6) of these same providers (see Methods).
The highest-ranked considerations among patients and patient consultants during their decision whether or not to get an LVAD are presented in Table 2 along with top considerations ranked most important among providers for patients' demonstration of informed consent. Patient knowledge needs centered on issues of mobility and lifestyle, whereas provider considerations were related to patients' understanding of risk, outcomes and factors contributing to rehospitalization. High-frequency and overlapping items, as in addition to other items designated as salient by patients specifically, were taken from these rankings to form question items for the LVAD knowledge scale.
Cognitive testing of items
Cognitive testing of these items was conducted among a total of 5 patients (3 patients and 2 candidates) ( Table 3) . They judged a majority of question items to be clearly stated and at an appropriate reading level. Table 4 includes a list of question items in the knowledge scale, and a full version of the scale with answer sets is available at http:// www.lvaddecisionaid.com in the "For Clinicians" tab.
Validity and reliability testing
A total of 30 patients completed the knowledge scale, including 10 existing LVAD patients, 10 eligible candidates for LVAD treatment who received standard education, and 10 candidates who had not yet received education (Table 3 ). This sample size was selected to be able to detect a best-guess of a 15-point difference between groups with 80% power using a t-test, with a large effect size of 1.3. Overall, the mean score was 52.5 (SD = 20). At least 80% of all participants correctly answered Questions 1 (regarding the purpose of LVAD), Question 15 (regarding extent of caregiver support needed post-implantation) and Question 18 (regarding the need for blood thinners) (see Table 4 ). Less than 25% of the participants correctly answered Question 2 (regarding factors affecting recovery time), Question 8 (regarding percentage of patients still living after 2 years), Question 13 (regarding average likelihood of 1-year mortality if LVAD is declined), Question 14 (regarding projected physical and lifestyle improvements from LVAD therapy) and Question 19 (regarding what could happen if the LVAD ceases to function).
The average time to complete the questionnaire was 30 minutes, which included supplemental questions. On average, patients scored significantly higher than candidates who received standard education (69.9 vs 50.1, adjusted p = 0.02) and candidates without education (69.9 vs 37.6, adjusted p < 0.001) (Figure 1 ). There was no significant difference between candidates with education and candidates without education (adjusted p = 0.18); however, candidates with education did score about 12.5 points higher than candidates without education.
There were significant differences in the proportion of correct responses to 5 of the questions, including those regarding factors affecting recovery, likelihood of rehospitalization, equipment necessary for leaving the house on a day trip, how often to clean the drive-line, and the role of blood thinners after implantation. Although not significant at the 0.05 level, patients also tended to be more likely to provide correct answers to questions regarding: necessarily lifestyle changes post-implant; average likelihood of 1-year mortality if LVAD is declined; whether LVAD affects future eligibility for heart transplant; what will happen if the LVAD ceases to function; and pro-recovery behaviors. For these and most other question items, the proportion of correct responses tended to be highest among patients, followed by candidates with education, and then candidates without education. Surprisingly, 1 of the LVAD patients (10%) did not correctly answer Question 1, which is intended to determine whether or not the patient understands the function of the device. Overall, there was significant variation on each question (none consistently correct or incorrect across all 3 groups) to warrant not eliminating any of the items.
Cronbach's α was 0.81, suggesting good internal consistency reliability. Removing individual questions did not markedly decrease α for any of the questions. The lowest α for single-item deletion was 0.78. Supplemental questions were completed by all study participants. There were significant differences between groups regarding whether or not the participant has met with at least 1 other patient with an LVAD (adjusted p = 0.01). Investigating pairwise differences, patients were significantly more likely to have met with at least 1 other patient with an LVAD compared with candidates without education (90% vs 10%, adjusted p = 0.003). Knowledge scores were higher among study participants who had met with at least 1 other patient with an LVAD (63 vs 42, p = 0.002). However, after adjusting for participant type in a multiple regression model, the association was no longer significant (p = 0.37).
Otherwise, there were no significant differences in responses to the supplemental questions between groups (adjusted p ≥0. 
Discussion
This study responds to the call for further insight into how patients understand treatment options for advanced heart failure. 7 Patients often consent to treatment without fully comprehending or reading the information contained in consent forms. 26 Likewise, an examination of patient charts reveals a dearth of documentation of discussions occurring between patients and providers about potential complications involved in LVAD treatment. 6 The often urgent circumstances under which treatment decisions are made 2 exacerbates the patient's likelihood of making decisions quickly and reflexively, without fully considering the range of alternatives, and further necessitates a quick and efficient tool for assessing preimplant patient and caregiver knowledge about essential aspects of LVAD treatment.
The scale presented in this study efficiently tests for knowledge needs valued by patients and caregivers considering LVAD treatment, as well as knowledge considered necessary by clinical experts for providing informed consent. The inductive methodology outlined was selected to ensure that the measure is both patient-centered and clinically robust for use in shared decision-making practices during patient evaluation for LVAD candidacy. That the largest group differences were observed between patients currently living with the device and candidates with no standard education about LVAD treatment suggests that the LVAD knowledge scale is an accurate gauge of patient knowledge about LVAD treatment.
The average LVAD patient scored 70% on the knowledge scale, suggesting that even experienced patients struggle to understand aspects of LVAD therapy and outcomes that are judged to be subjectively valuable and clinically important by patients, caregivers and providers. Patients and candidates seemed to understand the overall reason for getting an LVAD, but demonstrated less expertise about specific functions, maintenance and expected outcomes of the device. LVAD candidates who received standard education answered only half of the questions correctly, on average, indicating substantial gaps in standard education for providing adequate information for informed consent. We believe that this finding highlights an urgent need for additional educational support for candidates considering LVAD therapy, as well as opportunities for continuing education for LVAD patients after implantation. Other approaches, such as "teach back methodology," or multi-format tools, such as the decision-aid described here (paper, video and online supplement), may help to ensure learning and retention. Cognitive testing before administering decisional and educational tools-for example, using the MOCA 19 test as we did, or similar measurescould also help avoid lack of comprehension due to neurophysiologic conditions. Variability and lack of standardization in current educational processes may contribute to differences or gaps in knowledge. Anecdotal evidence suggests that standard education varies across hospitals with regard to when patients receive education (i.e., before or after medical review for candidacy), who participates in educational discussions (typically, a variety of clinical team members meet with patients to answer questions in informal visits outside of standard education), and whether patients seek information on their own through LVAD-or transplant-related websites or social media. 27 More research and guidelines are needed to ensure that standard education is consistent across settings and optimally designed to meet patient and provider needs for informed consent.
In addition, participants scored higher on the knowledge scale if they met with at least 1 other LVAD patient already living with the device. However, these participants were also more likely to be patients themselves, potentially confounding the observed benefits of patient-to-patient education. A further exploration of including patient-to-patient education in future education procedures may serve to enhance knowledge acquisition and sharing.
This measure of LVAD knowledge will be effective in the clinic setting for ensuring that preimplant patients and caregivers can understand the full range of treatment options for advanced heart failure, such as medical management and comfort-related therapies; anticipate device-related complications and long-term health risks; and prepare for lifestyle changes. We intend for this measure to be used in the context of standard education offered by LVAD clinics and/or alongside enhanced educational procedures, such as the use of decision aids. The LVAD knowledge scale can be accessed and printed for clinical use from our LVAD decision aid website, http://www.lvaddecisionaid.com/!for-clinicians/cael/.
Strengths and weaknesses
The primary strength of this knowledge scale is that it is based on extensive formative, inductive research into the knowledge needs of patients from both a clinical perspective and a subjective perspective, and is recommended by medical anthropologists, [28] [29] [30] making it a user-generated and relevant measure. The use of cognitive interviewing further improved construct clarification, question item wording and interpretability by users. 33 Weaknesses include a potential lack of generalizability to other patient samples with different knowledge needs, although the diversity of Houston's patient population suggests that our findings likely encompass a variety of LVAD patient samples throughout the United States. 32 A majority of those we interviewed were destination therapy patients, which could potentially bias knowledge needs as well as patients' focus during education. In terms of generalizability of the measure, hospitals may also have different patient care recommendations and center-specific outcomes that vary from the national outcomes reflected in our scale. Some of the items in the scale may also reflect device-and devicegeneration-specific information. Further, because the primary supplier of devices for these patients is Thoratec, patient and provider experiences that informed the scale construction may overlook nuances of devices from other manufacturers. However, all other data (e.g., INTERMACS) used for scale construction encompasses the full range of current-generation LVADs, and efforts were made to include providers' experiences with the other 2 most common devices presently in use (HeartMate II and HeartWare HVAD). The scale may also need to be updated as technology progresses.
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